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DISCUSSION 


A.M.-ASCE.—The embankment soil-testing program 
the USBR has been well presented this paper. All too often such compre- 
hensive studies are presented the profession piece piece with inte- 
grated summary the entire work. 

Under the heading, Testing: Adaptation the Proctor 
the authors state that compaction tests made 1/20-cu-ft molds 
not result the same maximum density and optimum moisture the 
1/30-cu-ft mold. How much, specifically, are the differences, and they 
materially exceed the variations these same properties that occur when 
different but apparently identical samples the soil (from different parts 
borrow pit) are tested? seems unfortunate that 1/20-cu-ft cylinder 
was selected unless the authors have specific data show that the compaction 
data found with this mold more closely represent field compaction. Most 
other laboratories use the 1/30-cu-ft mold the American Society for Testing 
Materials (ASTM) the 6-in. California Bearing Ratio mold. 

The authors state that the sheepsfoot compaction data were found 
comparable the data obtained the standard laboratory tests. How are 
these compared, since one represents static pressure and the other dynamic 
tamping? The writer has made brief study which compared the two the 
basis which the work expended during the com- 
paction process. The work done compaction was computed from 
the height-of-fall the weight the hammer. The work static compac- 
tion was found measuring the pressure variation and the deformation and 
plotting work diagram. The results tests slightly plastic silt 
relatively low compressibility indicated that static compaction produced dry 
densities 10% higher than dynamic compaction when the energy expended 
during the compaction was identical. Tests comparing field compaction with 
laboratory dynamic compaction (by the United States Waterways Experiment 
Station Vicksburg, Miss.) indicate that, sometimes, the respective dynamic 
and static compaction curves are not even the same shape. 

Although the authors not specifically state, the testing program they 
describe apparently part much larger program improving the design 
the USBR earth dams. such, its purpose necessarily improve exist- 
ing techniques testing and field and verify them field observa- 
tions. The value such work—particularly the verification field 
observations—cannot overestimated. There limit, however, the 
value improving what has been done. Often may useful re-evaluate 
the present methods see different approach might also better. 


dam highway, fill for floor slab, subgrade for airfield—is manu- 


Associate Prof. Civ. Eng., Georgia Inst. Technology, Atlanta, Ga.; and Cons. Soils Engr., 
Agee Lab. Inc., Atlanta, Ga. 
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facturing process. The objective obtain product that will perform 
satisfactorily, and minimum cost. 

least three approaches this objective are possible: (1) Construct the 
fill arbitrary standards soil compaction and embankment 
design. (2) Construct the fill according arbitrary standard soil com- 
paction but design the embankment the basis the physical properties 
the compacted soil. (3) Determine the physical properties the soil under 
different assumed construction procedures and select the construction pro- 
cedure that results the most economical design. 

Unfortunately, the first approach the most widely used. The arbitrary 
standards compaction adopted (such as, soil shall compacted 
density equal 95% the standard Proctor method’’) are based some 
empirical relationships between compaction and performance. However, 
any particular job there assurance that the specified compaction either 
enough produce satisfactory fill that not far more than necessary. 

The design the embankment based past designs, attention being 
paid the properties the compacted not surprising that many 
embankments settle fail and that others cost too much. 

The second approach essentially that described the authors. 
arbitrary standard soil compaction established, based past experience 
with the soils and structures involved. This standard usually the result 
trial and error rather than any rational and systematic program determining 
just how much compaction necessary. 

The design the structure with this approach not based purely 
tradition the first. Instead, the physical properties the soil (such 
strength, compressibility, and permeability) are determined laboratory 
tests the soil compacted according the standard. These properties are used 
modify the traditional designs that the structure will adequately safe 


TABLE PROPERTIES COMPACTED SOILS 


RELATIVE Factors INFLUENCING 
THE 
Property 
Sub- Soil com- Moisture 
Dams Fills grades position content Density 

(1) (2) (3) (4) (5) (6) (7) 


Numbers listed indicate degrees influence importance: primary; secondary; and 


and economical possible. course there always the danger that 
the laboratory tests will not representative field conditions; therefore, 
verification the test results studies the performance the full-sized 
structure essential. The authors have properly emphasized this phase 
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their work, and their report that consolidation and pore-pressure predictions 
show good correlation with field measurements and that permeability estimates 
not—is valuable contribution. 

The third approach the logical successor the second. 
that the design the structure should based the physical properties 
the compacted soil, logically follows that the degree compaction required 
that which produces satisfactory embankment minimum cost. Such 
approach will result eventually the most economical designs, but its 
development will require considerably more study regarding the physical 
properties compacted soils and the factors that influence them. 

The soil mechanics laboratory the School Civil Engineering the 
Georgia Institue Technology, Atlanta, has been engaged study 
compacted soils since 1950. first step was list those physical properties 
which are important different phases soil construction and establish 
(on the basis present soil theories) the factors that influence those properties. 
tentative list such properties and their influencing factors are given 
Table this table, “soil includes grain size, shape, and 
mineralogy. 

Basically, the physical properties that affect the design are soil composition, 
density, and moisture. these, the first offers the least possibility control 
the present time except the case subgrades. The designer forced 
use local materials because the high cost transporting large quantities 
soil, and this ordinarily limits him relatively narrow choice. future, 
soil modification stabilization 
use chemicals cementing ma- 
terials may practical, but this 
too expensive the present time, 
except for subgrades. 

Density and moisture content 
offer wider possibilities control. 
The cost controlling moisture does 
not vary much whether the percent- 
age moisture required high 
low. Control density costs money, 
however, and the economical de- 
sign for given type soil results 
when the cost obtaining additional 
density equal the savings de- 
sign and construction costs due 
that additional density. 

For any one method compac- 

roughly proportional the com- 
pactive effort employed. The cost wili different for different methods, 
however, because some are more efficient than others. For example, vibra- 
tion the natural frequency the soil very efficient for compacting 
sands, but little value plastic clays. 


Decrease, Height, (%) 


Compactive Effort, 1000 Ft-Lb per 
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The variation density and the properties that density 
not directly proportional the compactive effort. Fig. shows that the 
rate improvement the soil properties becomes progressively smaller 
the compactive effort increases for given moisture content. The sample was 
micaceous silt relatively low compressibility, compacted 16% moisture. 
The vertical effective pressure was increased from per 4,000 per 
ft. Moisture content was approximately the optimum for the modified 
method the American Association State Highway Officials. Families 
such curves showing the effect moisture content and effort can developed 
for any the physical properties interest any particular job. With the 
aid such data the designer should able select the compaction that will 
produce the most economical design. 


clearly defined this paper. Its reading may open new avenues thought 
both practical engineers and laboratory workers, but also may inspire some 
doubts. The writer wishes comment certain items the paper and 
ask some questions. 

Density Rock and Soil the case artificially compacted 
fill Eq. gives exaggerated results for all values which the percentage 
ofthe material retained No. sieve This formula was derived 
under the assumption that rock compacted rock-soil mixture acts dis- 
placer only; but reality rock material interferes with the compaction the 
matrix, which the material passing through the No. 4sieve. Eq. gives cor- 
rect values the density rock-soil mixture, however, density substi- 
tuted for D,, the maximum laboratory density the matrix the mixture. 
Symbol would represent the density the matrix controlled the over- 
all dry density the mixture the dry density rock fraction D,, and the per- 


— —$--——+ 
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Approximate 
124.2 the Actual Density Curve 


Unit Weight Rock 


Pounds per Cubic Foot 


Percentage Rock (By Weight) 


Curves For MATERIAL 
the numerical example, density would 
(6) 


Engr., San Francisco, Calif. 


170 
1449 
100 
t 
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Formulas such Eq. apply all natural reasonably compact rock-soil 
mixtures—that is, excluding loose gravel deposits, decomposed granite, 
other particle material. Formulas such Eq. also mean, general, that 
the same time required maintain the maximum laboratory density 
the matrix. 

Between points and Fig. 10, Eq. represents flat hyperbolic 
curve. For convenience comparison, letters designating analogous points 
Fig. and Fig. are the same, the former being modification the 
latter. differentiating Eq. the slopes tangent that curve may 
found: 


computed thus: 
dD, 


should borne mind that, since slope expressed abstract 
number, the value given Eq. should divided 100 ft. Noting 
that both Figs. and the vertical and horizontal scales are equal, the 
slope the tangent the theoretical density curve point for the given 
the slope the tangent the theoretical density curve point would 
0.47. Both tangents intersect point which, the numerical example, 
approximately corresponds 56%. 

The theoretical density curve concave, and located above its tangent 
point The actual density curve has common point with the 
theoretical, that is, point with the same ordinate (equal 124.2 
per the given numerical example) and common initial tangent. 
investigate the shape the actual density curve, the boundary conditions 
point will analyzed. Considering the given numerical example, the 
authors state that the unit weight rock particles cannot exceed 
108.0 per ft, the total material cannot contain more than 72% rock 
(See text referring Fig. 2.) The writer accepts this statement very 
conventional one only, since implies that the geometry the voids space 
mixture identical for rock particles alone and for rock surrounded 
the matrix, which general case cannot proved. For the purposes 
this discussion this not important, however, since necessary only 
have some point roughly the position shown Fig. Fig. toward 
which the curve slopes down. fact, the value corresponding point 
cannot increase. Algebraically, this fact should expressed 


| 
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or 


Eq. means that the tangent the actual density curve point 
vertical. Since this so, the actual density curve convex (Fig. 10). 
cannot located above the tangent AO, but may close that tangent. 
Fig. the curve question deviates from the direction the tangent 
point after which density must reach its maximum value. both sides 
the maximum the actual density curve should rather flat, the values 
density being practically constant within certain range (between 60% and 
70% rock the given numerical case). simplified method computing 
the actual density the rock-soil mixture may follows: the 


may considered practically constant. 

Other attempts have been made correct the so-called 
curve expressed Eq. For instance, the Civil Aeronautics Administra- 
(CAA) expresses the density rock-soil mixtures for runway base and 

sub-base materials according Eq. 11, 


(11) 


this case, correction made decreasing the value instead 
which, course, immaterial far the numerical result concerned 
the correction coefficient (0.9 this case) adequately chosen. The 
writer objects the use formulas this type (Eq. 11) for higher values 
however, since the differences between vertical ordinates the theo- 
retical density curve and those the actual density curve such cases are not 
linear with respect (as suggested Eq. 11) but are expressed more 
involved functions and are controlled the properties the inter- 
particle space rock material. 

Fig. compares the dry densities the rock-soil mixture for the given 
numerical case computed 11, and 10, respectively. The values 
actual density are located probably somewhere between curves and 10, 
whereas the values given curve are exaggerated, already stated. For 
higher values close 100%, neither Eq. nor Eq. can used. 
deriving Eq. 10, the writer did not even attempt far 90% 
bett cince such mixtures, generally, are loose and cannot considered 
material. 

Over-Compaction.—Failures earth structures generally occur result 
combined action several causes, one which predominant. the 
absence secondary causes this predominant cause alone many cases 
may not produce failure. the opinion the writer, this true the 


“Standard Specifications for Construction Office Airports, Civ. Aeronautics Admin- 
istration, Washington, C., January, 1948, 571. 
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case over-compaction that may often take place but remains unnoticed except 
for some extraordinary cases such that reported 1936 the late Mr. 
Knappen,® Again, over-compaction may cause residual stresses various 
magnitudes, and only the strongest ones are capable causing considerable 
displacements the compacted mass. Also, the direction least resistance 
along which the over-compacted material may move usually upward; and 
motion this direction may simply pass without being recorded. The writer 
has data pertaining over-compaction fills his disposal; but aware 
two failures retaining walls which, his opinion, were caused pre- 
dominantly over-compaction the backfill. one these cases the 
backfill typical reinforced concrete wall was compacted with pneumatic 
rammers the afternoon. The next morning the top the wall was found 
out position and the reinforcement had failed tension. 

When material for compacted fill studied, important determine 
whether not has expansive properties, especially highway and runway 
engineering and the case footings built artificial fill otherwise. 
The expansion pressure apparatus used the California Division High- 
device which the compacted soil specimen confined under 
perforated disk covered with water. The pressure exerted the soil the 
point incipient expansion measured device similar proving ring. 
pressure 0.5 per in. requires only 0.001-in. movement order 
register the gage; therefore, the pressure measured virtually constant 
volume. The final expansion pressure recorded after the specimen has been 
the device for hours. Oakland (Calif.) laboratory that has performed 
considerable number expansion measurements reports that most local soils 
show increasing expansion pressure compaction increased. other 
words, the denser expandable material is, the larger will its expansive 
tendency. example taken random, material compacted the 
laboratory dry densities 118.1 per ft, 119.8 per ft, and 122.2 
per when saturated showed expansion pressure 141 per ft, 
282 per ft, and 496 per ft, respectively. The Atterberg limits 
the given material were—liquid limit, 34%; plastic limit, 23%; and the plastic- 
ity index, 11%. Presumably, such records require further study and interpre- 
tation; but any case they can considered preliminary evidence 
favor the possibility over-compaction. 

Pore authors ably state (see under the heading, Pore 
Pressure Concept: Theoretical Derivation’’) that pressure develops 
soil mass consolidation from loading takes Only few words 
need added this statement. Pore pressure also develops when pore 
fluid brought into contact with large head that may produced 
insignificant quantity fluid. Such the well-known phenomenon 
liquefaction saturated deposits brought the attention the profession 
Arthur Casagrande, ASCE, early Such also the case 


gress Large Dams, Vol. IV, 1936, 505. 

Factors Underlying the Rational Design Pavements,” Hveem and Carmany, 
Proceedings, Highway Research Board, National Research Council, Washington, C., Vol. 28, 1948, 132. 

Cohesionless Soils Affecting the Stability Slopes and Earth Fills,’’ Arthur 
Casagrande, Journal, Boston Soc. Civ. Engrs. Vol. 23, 1936. 
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numerous slides after rains hilly countries when saturated mantle, 
thick, slides. this case sliding caused considerable decrease 
(or even vanishing) normal pressure which holds the mantle against the body 
impervious hill that otherwise remains intact. Slides this kind occur 
different earth materials, not necessarily silts. The bouncing earth 
material during fill construction, sometimes observed soils with considerable 
sand content, probably also explained air pressure the voids. This 
phenomenon (often alarming for inexperienced inspectors the job) passes 
within few days. 

attention has been paid engineering literature 
the concept critical voids ratio (or critical density), especially textbooks. 
The writer has never had the opportunity necessity use this concept 
except when was teaching classes soil mechanics. the paper, the critical 
voids ratio not mentioned. How does this concept fit the general picture 
the USBR activities? 

Reverting the subject pore pressure and particularly Henry’s law, 
the writer would like know whether this law applicable capillary 
moisture free water only. 

Scope the writer believes that this fine paper will useful 
builders fills all kinds. The paper would still more useful had the 
authors strongly stressed the necessity examining not only the material for 
the fill itself but also the material and conditions under the planned fill, which 
unfortunately are sometimes neglected with disastrous results. 


A.M. ASCE.—This comprehensive summary the current 
USBR practice for applying experimental soils studies the design and 
construction major earth fill dams extremely important addition 
soil mechanics data. The presentation particularly timely because the 
conflicting views held regarding the importance pore pressures shear 
resistance. 

The authors have suggested that certain details their conclusions may 
require modification suit local conditions. Experience during investigations 
for, and present construction of, the Upper Yarra Dam Australia have 
shown that some cases the effect the local conditions may more impor- 
tant than the basis for the general practice. illustrating this point, may 
noted that the Upper Yarra Dam 290-ft earth and rock dam founded 
directly sandstone and siltstone rock. All the rock fill and the major part 
the earth fill are being obtained from this base rock. After rolling the softer 
parts the resultant earth fill stony loam with 25-blow optimum conditions 
about 110 per and 17%. The climate West Coast type, with 
annual rainfall from in. in., and little snow. after 
prolonged rain, borrow material can dug from the undisturbed condition 
about optimum moisture content. 

Under these conditions, the selection moisture content limits being 
dictated construction considerations rather than the basis guide 


Superv. Engr., Soils and Hydr. Testing, Melbourne and Metropolitan Board Works, Melbourne, 
Australia. 
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such asin For two reasons the fill must compacted about optimum 
conditions instead the drier state suggested the authors. First, when the 
fill compacted drier than below optimum moisture content, 
impracticable obtain consistent densities comparable with optimum values. 
Instead, the fill behaves more like the granular coarse-grained soils reeommended 
for tractor compaction. Second, the humid climate prevents any effective 
drying materials except during the three four summer months. Thus, 
fill must placed not drier than the average moisture content the borrow 
material place. further questioned whether this somewhat wetter 
that these conditions may not serious with some less compressible types 
materials. The evidence Deer Creek Dam" Utah would seem support 
this view. 

Although the USBR pattern roller has been adopted standard, has 
not proved satisfactory indicated Fig. the fill Upper Yarra 
Dam, barely able reach the equivalent the 25-blow laboratory com- 
paction standard. improve the densities and assist shedding rain 
from the bank, the procedure has been changed. layer now spread 
rolled with twelve passes the fully ballasted USBR 
roller. The loose surface then finished with four passes grooved roller 
weighing about 8,500 per width. This grooved roller special 
experimental unit assembled from the units used the construction Silvan 
Dam Australia, during the early This combination has decreased 
the total spreading and rolling costs, has shed rain better, and has provided 
densities least better than the USBR roller alone. This experience 
suggests that may advantageous consider whether new roller techniques 
are not needed. 

Eqs. adopted for the computation pore pressures, are extremely useful 
determining the pore pressures expected for any given consolidation. 
should recognized, however, that the accuracy this prediction depends 
specific gravity test the soil. This test seems simple, but minor varia- 
tions procedure cause significant changes the values. For example, the 
boiling the water and soil prior the evacuation increased the measured 
specific gravities soil from 2.68 thus suggested that the more 
direct expression the triaxial compression tests provides better 
basis for design assumptions. this case the pore pressures measured speci- 
mens failure are related the total maximum principal stresses. These 
results are the limiting pore pressures, and they require some reduction allow 
for factors such smaller consolidation, dissipation pore pressures, and 
increased rock percentages. Although either basis for predicting the pore 
pressures requires correction make them suitable for use design analysis, 
the triaxial compression results have the merit being more direct and 
positive measurement. 


Second International Conference Soil Mechanics Foundation Vol. ill, 245. 

Construction Silvan Dam, Melbourne Water Kelso, Proceedings, Inst. 
E., London, England, 1937, 403. 

Characteristics Soils, Melbourne Univ., Melbourne, Australia, June, 1952. 
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The authors’ discussions and conclusions regarding the effect the prop- 
erties soil caused the addition rock were the greatest value. They 
did not mention whether any attempts had been made test samples composed 
wholly rock fragments, what basis was used predict the shear resistances 
rock fill. the absence any positive information, triaxial compression 
tests were performed loosely compacted samples Upper Yarra Dam rock 
fragments. These varied size from about in. course, 
they did not develop pore pressures. The puncturing the rubber envelope 
during the test made their performance very difficult. However, after 
fairly comprehensive series tests was established that the values the 
cohesion parameter were all zero and the friction parameter was between 0.8 
and 0.9. The lower value was accepted probable minimum suitably 
adjusted serve basis for stability analysis the rock fill. Dothe authors 
propose use the large USBR triaxial apparatus for rock fill studies? 

Finally desired express appreciation the authors for their most 
valuable service making available this very well considered assembly 
field, laboratory, and office experience. 


Mr. Sowers’ questions follow: suite thirteen samples from Dam 
the Rio Grande was tested 1949, according the ASTM standard 
1/30-cu-ft cylinder and the USBR standard 1/20-cu-ft cylinder. 
The compactive effort was the same per unit volume all tests. The maxi- 
mum densities the ASTM method averaged 1.7 higher than the average 
the USBR tests. Maximum densities were attained moisture content 
0.5% higher the USBR tests than ASTM procedure. Mr. Proctor 
has reported similar differences. Values for any one type test different 
operators may vary approximately per ft, but will erratic, whereas 
the smaller ASTM cylinder produced consistently higher values. 

The writers discussed the reason for the adoption the 1/20-cu-ft compac- 
tion cylinder. The cylinder adopted the same the original and present 
Proctor mold, and many feel that should have been adopted ASTM 
and Highway Research Board (HRB) standard rather than the 1/30-cu-ft mold. 

There are several variables that may changed—both dynamic and 
static compaction procedures—which materially influence the results, although 
the energy input the same. Originally, the laboratory test result was con- 
sidered the desirable objective, and field compaction procedures were 
modified over period time until equivalent results were obtained. Sub- 
sequently, performance records have shown that the laboratory test result 
does not define the most desirable objective. Therefore, now used 
reference point for defining the deviation required for field compaction control. 
change characteristics can controlled better modifying established 
relations between the field and laboratory than developing new procedures. 

practice, all three the approaches described Mr. Sowers are used 
the development design. For minor structures, the arbitrary standard 


Head, Earth Dams Section, Bureau Reclamation, Dept. the Interior, Denver, Colo. 
Head, Earth Materials Lab., Bureau Reclamation, Dept. the Interior, Denver, Colo, 
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approach used although the characteristics for specified degree compac- 
tion are checked not reasonably well known. When construction requires 
the use soils whose characteristics are well understood, the second approach 
most commonly used. When the nature the soils not well understood 
and where foundation conditions are unusual, the third method approach 
the one used the development the design. not uncommon for all 
three approaches used various parts single structure. When the 
third procedure used, essential course, that there program 
follow-up observations check whether the field conditions are actually com- 
parable the laboratory assumptions. 

The writers cannot agree entirely with the relative importance Mr. Sowers 
has assigned factors influencing the soils properties. They have found 
permeability markedly influenced moisture content used during 
compaction, and swelling and shrinking characteristics are quite clearly 
function the density achieved compaction. 

There generally widespread misconception the cost achieving 
density through compaction. The cost securing the compaction that 
the USBR has required varies between and per yd. the other 
hand, securing satisfactory moisture control has been extremely variable. 
Occasionally satisfactory moisture content naturally exists the borrow pit, 
which case the cost for moisture control very small. More frequently, 
moisture either must added removed from the materials before they can 
compacted satisfactorily. some instances, extensive drying operations 
have been required; others, water has had transported for several 
miles order applied the borrow pit that satisfactory moisture 
conditions could achieved. Situations can visualized which will 
more practicable construct fill with material having inferior moisture 
control and larger section compensate than minimize the volume 
material used the embankment. 

Sufficient compactive effort should used the construction water- 
retaining structures that high degree uniformity achieved. For this 
purpose, advisable operate well onto the flatter parts the compactive 
effort dry-density curve, because variations compactive effort that are 
commonly experienced during practice. testing and inspection 
are thereby held minimum. 

Mr. Krynine has further emphasized the properties that the writers wished 
demonstrate. not practicable achieve the high degree densification 
that theoretical formulas would indicate due particle interference rock 
content increases. Even ona theoretical basis, Eq. not valid percentages 
greater than about that indicated point The value should 
thought limit line for the part B’E the curve Fig. and there appears 
reason why the curve should parallel the vertical limit 
does not appear the writers that the curve B’E approaches vertical 
some small increment away from as, say, actual compu- 
tation can seen that would impossible obtain densities indicated 
Mr. Krynine’s OE-curve (Fig. 10), say, 0.9 (90% rock). Curve 
shows the weight total material 130 per this point. The 
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weight the rock would then have 117 actual test, indicated 
point line FE, the weight rock cannot exceed 108 lb. lines 
BB’E are used, the weight rock will never exceed the maximum—108 
lb. There seems reason why true density curve should follow 
tangent line AC, Fig. 10, which purely mathematical. The true curve for 
any particular material dependent upon the gradation, and shapes the 
rock particles terms interference offered. Because the reduction 
density that achieved when rock content appreciably exceeds 50%, the 
USBR not allowing materials placed the impervious sections dam 
embankments which contain greater proportion rock particles than 50%. 
some instances, the USBR has, with small increase compactive effort, 
been able obtain densities indicated Eq. with rock contents high 
40%. Eq. 11, therefore, establishes density requirement lower 
degree than practicable obtain within the normal working range. 

Mr. Krynine asks how the critical voids ratio concept fits into the picture 
USBR activities. During the design some its dams, the critical voids ratio 
condition was extensively considered and numerous laboratory tests were made. 
The writers’ present definition critical density, and the concept involved 
its use, varies somewhat from those originally advanced Mr. Casagrande. 
performing triaxial shear tests for determining critical density, the tests 
are made saturated specimens which are sealed after initial consolidation, 
and the pore pressure measured throughout the shear tests. course, tests 
are made several specimens under different placement density and lateral 
pressure conditions. maximum allowable pore pressure value (say, 10% 
20% the applied lateral pressure) consistent with the design selected. 
the pore pressure development for given set density and pressure con- 
ditions does not exceed this allowable maximum any time during the test, 
the soil considered compacted above critical density for that structure 
and under the conditions assumed. has been observed that most sands 
compacted 70% relative density are above critical density. This relative 
density can usually obtained without difficulty water and heavy tractor 
compaction dam construction. 

Mr. Krynine also asks whether Henry’s law applicable capillary 
moisture the free water only, the determination pore pressures. There 
seems reason why Henry’s law should not equally applicable 
capillary moisture other free water. the range only capillary 
moisture exists embankment, pore pressure (in USBR experience) has 
not been any consequence. 

Mr. Glynn states, always necessary modify general principles 
suit local conditions, particularly when high dams are being constructed 
materials for which there limited experience record. Until quite recently, 
the USBR has been able avoid the use residual soils and disintegrated 
rock the construction earth dams. However, since the preparation the 
referenced construction several dams has been initiated wherein 
was necessary utilize such materials. one instance, there was sufficient 
breakdown during the process compaction that optimum moisture require- 
ment had increased about over that indicated when the earth-fill 
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material was tested order produce satisfactory final product. 
probable that the increase moisture requirement which Mr. Glynn experiences 
the Upper Yarra Dam may due similar causes. Tests made the 
USBR laboratory sample material from one the proposed borrow 
pits for Upper Yarra Dam showed extreme breakdown during compaction 
and shear. 

The writers question whether the compaction procedure that Mr. Glynn 
using the best achievable procedure. There always danger developing 
highly stratified fill when thick layers are used when one type compaction 
used for the deeper part the lift and another method compaction for the 
superficial part each lift. preferable procedure would use thinner 
lift—say, about in. and work the heavy grooved roller and the sheepsfoot 
roller tandem that the rock crushed the action the heavy grooved 
roller could compacted into the matrix the sheepsfoot roller. 
obviously desirable secure the greatest breakdown practicable utilizing 
disintegrated rock. 

addition, the writers have used the measurements pore pressures 
obtained from triaxial tests basis for determining pore pressures that might 
found actual structure. There are, however, many factors the 
procedure used for measuring pore pressures laboratory samples which may 
produce erroneous results. Other investigators have found the results 
direct measurements unreliable that they hesitate use them. 

The USBR has not investigated the strength characteristics ‘of rock frag- 
ments sufficiently warrant opinion. Data secured from the measurement 
the angle repose talus and gravel slopes have been used basis 
for design structures where rock fragments cobbles have been used. This 
procedure considered the conservative side, since excavation into 
talus gravel deposits commonly stands, least temporarily, steeper 
slopes. The large trixial testing equipment mentioned the paper has been 
completed and research tests gravelly soils are continuing. Specimens in. 
diameter in. long are being tested. From this work, hoped 
obtain better understanding the shear characteristics coarse-grained 
soils. 

The work the USBR largely confined the arid western area the 
United States and primarily those areas higher elevations within that 
region. Before comprehensive appraisal this situation may said 
exist, there should additional information the utilization the plastic 
soils more commonly found the eastern part the United States and also 
experiences the utilization tropicai soils, well additional experiences 
concerning the uses residual soils and disintegrated rock. The comments 
the discussers have served introduce some experiences this area. 
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